Abstract Hypertension is the most common cardiovascular risk factor. Lipoprotein(a) [Lp(a)], inflammation, oxidative stress and chronic kidney disease (CKD) exacerbate the response to tissue injury and acts as markers of the vascular disease, especially in glomerulosclerosis. We compared the clinical characteristics of 138 non-diabetes hypertensive women (ndHT) patients with 417 non-diabetes normotensive subjects and tested the association of hypertension with Lp(a), inflammation, CKD and oxidative stress by using multiple logistic regression. BP, BMI, waist circumference, creatinine, Lp(a), inflammation and malondialdehyde levels were significantly higher and CKD state in the ndHT patients (p \ 0.05). Multiple logistic regression showed hypertension associated with increased Lp(a), inflammation, ORs and 95 % CIs were 2.52 (1.33, 4.80), 2.75 (1.44, 5.27) after adjusting for their covariates. Elevated serum Lp(a) and inflammation levels concomitants with increased oxidative stress and CKD were the major risk factors associated with hypertension and implications for the increased risk of HT and vascular disease.
Introduction
A prothrombotic state and elevated serum lipoprotein(a) [Lp(a)] are the two emerging risk factors that are reciprocally related and contribute to cardiovascular consequences in hypertensive patients with early renal failure [1, 2] . Elevated Lp(a) has been demonstrated in patients with moderate impairment of renal function, suggesting that this lipoprotein contributes to the increased risk for atherosclerotic disease seen in hypertensive patients [3] .
Lipoprotein(a) is an atherogenic particle, that is a LDLlike substance which structure is apolipoprotein(a) [Apo(a)] attached with disulfide bond to apolipoprotein B-100 on the LDL core [4] . Apo(a) is synthesized and secreted into the circulation by liver.
Elevated Lp(a) concentrations have been demonstrated as the risk factor for atherosclerosis [5] and thrombosis [6] . Moreover, there is a possible link between chronic kidney disease (CKD) with hypertension (HT) [7, 8] . HT is closely associated with progressive kidney dysfunction, manifested as glomerulosclerosis, interstitial fibrosis, proteinuria, and eventually declining glomerular filtration. Injury or activation of the endothelium by hemodynamic changes has been shown to result in increased local synthesis of angiotensinogen in the remnant rat kidney [9] . Increased angiotensin (Ang) II and pressure-induced oxidative stress alter mitochondria and electrolyte transport efficiency, which together with reduced kidney oxygen tension can cause tissue hypoxia. Hypoxia is a known stimulus for fibrogenesis, and fibrosis is a common clinical finding in patients with hypertensive kidney damage.
Observational and clinical studies have demonstrated that elevated blood pressure (BP) confers significantly higher risk of all causes of cardiovascular disease (CVD) mortality, especially in those patients with diabetes mellitus [10] . More recent studies revealed an association of Lp(a) and HT, using the experimental to demonstrated that Lp(a) is able to generate essential HT by impairing the arterial endothelium-dependent dilation [4, 11] .
Hypertension and dyslipidemia often occur together, but few studies have explored the relationship between serum Lp(a) levels and hypertension in non-diabetic subjects. We hypothesized that oxidative stress, proinflammatory factors, such as C-reactive protein (CRP), influence Lp(a) levels to cause cardiovascular diseases. We aimed to investigate the possible association of HT with increased serum Lp(a), CRP concentrations, oxidative stress and CKD in non-diabetes hypertensive patients.
Materials and Methods

Subjects
This cross-sectional study was performed as part of a Health Survey for hypertensive residents from January 2010 to January 2013. Five hundred and fifty five women subjects were randomly selected from three districts in Phitsanulok Province. A questionnaire survey was conducted by trained health workers about demographic characteristics, occupational, medical history of diabetes, hypertension, renal diseases, cancer, other diseases and smoking. We identified our participants as 417 non-diabetes normotensive subjects (as NorT-Gr) (age-range 47-63 years) and 138 non-diabetes HT subjects (ndHT) (age-range 49-63 years). We excluded the 154 subjects with known cancer, diabetes, end stage renal failure, history of cerebrovascular and/or coronary atherosclerotic disease, infection and any caused of life threatening diseases and smoking from the study. The study protocol was approved by the Ethical committees of Naresuan University. All participants provided written informed consent and agreed to participate and provide blood samples in the present study.
Anthropometric and Blood Pressure Measurement
Height, weight, and BP were measured and body mass index (BMI) was calculated. Waist circumference (WC) was measured at the midpoint between the rib cage and the top of lateral border of iliac crest during minimal respiration. BP was recorded as the mean value of at least two measurements of each participant on the same day using a Terumo digital blood pressure monitor (ES-P110).
Hypertension was defined as an average BP C 140/ 90 mmHg or if the participant was taking antihypertensive medications or had been diagnosed with HT [12, 13] .
Blood Sample Collection and Biochemical Determination
Fasting venous blood was collected from all participants. Plasma glucose (Glu), blood urea nitrogen (BUN), TC, TG and HDL-C were measured by enzymatic method. Serum creatinine concentration was determined based on the Jaffe reaction. LDL-C concentrations were calculated with Friedewald's formula in specimens with TG levels \ 400 mg/dl.
Lipoprotein(a) Assay
Lipoprotein(a) was measured by using Immunoturbidimetric assay for the quantitative in vitro determination in human serum. The method has been standardized against a highly purified Lp(a) preparation which is used as an inhouse master calibrator (data on file at Roche Diagnostics).
Highly Sensitive C-Reactive Protein (hs-CRP) Assay
Highly sensitive-CRP concentrations were determined by using latex-enhanced immunoneplelometric assay on the Hitachi 912 auto-analyzer (Roche Diagnostic, Switzerland) that has been standardized against the World Health Organization reference. The normal range of hs-CRP was \3.0 mg/l (\0.03 g/l). All biochemical analysis was performed on the Hitachi 912 auto-analyzer (Roche Diagnostic, Switzerland) at the laboratory of Medical Technology, Faculty of Allied health Sciences.
Renal Function
All participants had no clinically identified renal organ damage, defined as a serum creatinine level lower than 106.0 lmol/l (1.2 mg/dl) and serum BUN level lower than 7.14 mmol/l (20 mg/dl). Estimated glomerular filtration rate (eGFR) was calculated by the Modification of Diet in Renal Disease (MDRD) equation [14] . The formula is: eGFR = 186 * [plasma creatinine - ). An eGFR lower than 60 ml/min/1.73 m 2 (moderately eGFR) was defined as chronic kidney disease (CKD) [15] .
Malondialdehyde (MDA) Assay
MDA level was determined in thawed serum samples by using the thiobarbituric acid substances (TBARS) assay, a spectroscopic techniques as in our previous report [16] . The method is based on the reaction of one molecule of MDA with 2 molecules of TBA to yield a pink chromophore with absorption maximum at 532 nm.
Statistical Analysis
All variables are expressed as median and interquartile range. The Mann-Whitney U test was used to estimate difference between groups. Spearman rank correlation was used to assess the bivariate correlation of Lp(a) with blood pressure and other biochemical variables. Odds ratios (OR) from logistic regression analysis were used to estimate the risk of hypertension associated with elevated Lp(a), oxidative stress and CKD. Tests were two-tailed, and a p value \0.05 was considered significant and the 95 % confidence intervals (CI) determined by using the SPSS version 13.0 (SPSS, Chicago, IL).
Results
Of these study participants, 138 (24.9 %) were obese and ndHT patients. We found that SystBP, DiastBP, WC, BMI, CT, MDA, Lp(a) and hs-CRP levels were significantly higher and eGFR level was lower in ndHT than NorT (p \ 0.05) as shown in Table 1 Table 2 . Multiple logistic regression was used to calculate the association of hypertension with elevated Lp(a) and hs-CRP after adjusting for their covariates. Hypertension appeared to increase Lp(a) concentration, ORs and 95 % CIs were 2.52 (1.33, 4.80), Lp(a) concentration, ORs and 95 % CIs were 2.75 (1.44, 5.27), respectively for these measures, after adjusting for CKD, MDA, TG, HDL-C, WC and Age (Table 3) .
Discussion
Our present study demonstrated that SystBP, DiastBP, WC, BMI, CT, Lp(a), hs-CRP were higher and eGFR level was lower in ndHT subjects. The correlations of hypertension with elevated Lp(a) levels, hs-CRP, renal insufficiency and increased oxidative stress partly explains the increased susceptibility to vascular disease in HT patients with renal insufficiency. It can be hypothesized that the atherogenic effect of Lp(a) might adversely affect the renal vasculature and aggravate renal function in these patients [1] . Alternatively, higher levels of Lp(a) and CRP in hypertensive patients might be simply explained by worse renal function. Our present study demonstrated no significant differences in the conventional lipid profile, but that may be because lipid lowering drugs are commonly prescribed medication for hypertensive patients in Thailand. Some patients may have had clinically silent vascular disease resulting from increased Lp(a), hs-CRP levels and oxidative stress, rather than by hypertension [17] . Thus, the increased concentrations of Lp(a), hs-CRP and decreased eGFR in the hypertensive patients could constitute a first pathological sign, in the absence of organ damages. Many factors in hypertensive milieu were linked to explain how oxidative events contribute to hypertension, including angiotensin II, aldosterone, cytokines and stimulate enzymes such as NADPH oxidases, uncoupled nitric oxide synthase and the mitochondria to produce reactive oxygen species (ROS) that contribute to hypertension [18] . Liao et al. [19] have demonstrated that mice angiotensin (Ang)II-induced hypertension is associated with an inflammatory response that may contribute to the development of renal damage via increased oxidative stress and inflammation. ROS in the vessel induces vasoconstriction, which subsequently causes sodium and volume retention in the kidney, concomitant with enhanced inflammatory responses to cause hypertension [19] .
Oxidative vascular injury can promote endothelial permeability, which increases entry of lipoproteins to the subendothelial space, where they are oxidized and enhance inflammation [20] . Oxidative stress mediated cellular damage, injury [21] and modification increases the inhibitory effect of Lp(a) on plasminogen binding to cell surfaces, which could attenuate fibrinolytic activity by reduced the activation of plasminogen [22] . Inflammation exacerbates the response to tissue or endothelial cells injury and acts as a prognostic marker of the current ischemic event, to act as the acute phase reaction [23] . Elevated Lp(a) concentration seems to be genetically modulated, some metabolic abnormalities might influence its synthesis or catabolism, such as the acute-phase response, endocrine disorders, diabetes, liver and renal failure [24] . The most important of Lp(a) feature is the well-established behavior as acute-phase reactant, which demonstrated by the presence of several interleukin-6 responsive elements within the apo(a) gene [25] . Oxidative damage also leads to an increase in transcription factor NFjB activation and subsequently to the inflammatory proteins over expression [26] . Increased hs-CRP as the chronic subclinical inflammation is a component of the insulin resistance, metabolic syndrome, obesity, endothelial dysfunction, hypertension, dyslipidemia and type 2 diabetes mellitus, all of these features are the cardiovascular risk factors often occur in this cluster [27] . Block et al. [28] demonstrated that CRP levels were significantly associated with oxidative stress. Furthermore, elevated hs-CRP levels are associated with the increased morbidity and mortality in patients with CVD [29] . In these hypertensive patients, Lp(a) might be implicated in glomerular injury. Lp(a) and oxidized Lp(a) have been shown to induce activation of reactive oxygen metabolites in isolated rat glomeruli [27] . It can interact with Toll-like receptors, to promote vascular disease [30] . Lp(a) can be retained in the sub-intimal space of the arteries longer than LDL-C, with consequent greater atherogenicity [31] . In addition to glomerular injury, increased vascular tone in renal microvessels limits renal blood flow. Increased Ang II and pressure-induced oxidative stress alter mitochondria and electrolyte transport efficiency, which together reduce kidney oxygen tension and can cause tissue hypoxia. It is now evident that hemodynamic and metabolic factors work together to induce CKD. Our present study demonstrated that HT is strongly associated with increased oxidative stress, elevated hs-CRP, progressive kidney dysfunction and suggests it may be manifested as glomerulosclerosis and eventually declining glomerular filtration. Clinically, hypertensive end stage renal disease (ESRD) is more commonly observed in the presence of atherosclerosis and glomerulosclerosis compared with ESRD arising from other etiologies (such as nephrolithiasis, glomerulonephritis and polycystic kidney disease) [32] . Our present study also revealed an association between hypertension with increased Lp(a), hs-CRP, MDA and CKD. These may show the relevance of Lp(a) in early renal failure caused by arteriolar nephrosclerosis. Lp(a) levels were inversely correlated with eGFR and elevated Lp(a) levels were also observed in hypertensive patients in the absence of clinical evidence for CVD, cerebrovascular, coronary artery and peripheral vascular disease.
Limitation
The present study is a cross sectional nature, data of female only and did not control for their menopause status or alcohol consumption.
Conclusion
Elevation of serum Lp(a), hs-CRP levels, oxidative stress and CKD are strongly associated with increased risk for development and progression of HT. Our data suggested that elevated Lp(a), hs-CRP levels, oxidative stress and CKD may act as contributors and serve as predictors for the incidence of hypertension. 
